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-ABSTRACT

A collection of_photographs and descriptive captions indicates some pos—
sihble combinations of instruments used by the Hydraulics Branch of the

“Bureau of Reclamation. The described instrument combinations are net

exhaustive, but show the capabilities of instruments purchased on a mod-
est budget. One motive for selecting this equipment was -the inter-
changeability of components. An instrumentation system assembled for a
particular study may be reassembled into other systems for different in-
vestigations. The equipment includes measurement and recording systems
for pressure, electric conductivity, temperature, velocity distribution,
flow tracing, boundary shear, surge waves, wave height, and analog to

‘digital conversion.

'DESCRIPTORS--/ hydraulics/ *instrumentation/ measurement/ conductivity/

*measuring instruments/ temperature/ pressure/ hydraulic conductivity/
*recording systems/ velocity meters/ velocity/ *laboratory equipment/
pressure measuring instruments/ pressure sensors/ *hydraulic equipment/
hydraulic models/ hydraulic transients/ hydraulic engineering :
IDENTIFIERS=--/ instrument transformers/ analog instruments/ analog-to-
digital converter/ pressure transducers




INTRODUCTION

" The purpose of this collection of photographs and descrip-
tive captions is to indicate some of the possible combina-
“tions of instruments used by the Hydraulics Branch for
- data acquisition and analysis. The combinations described
are not exhaustive but show the capabilities of instruments
purchased. o
uInterchangeablllty of the equipment was a motive in maklng
-the selections. When available, mountings for the equip-
- ment were chosen to permit assembly of systems in instru-
ment racks. .A system may thus be assembled from individual
instruments for a particular study.. Upon completlon of |
the study,  the components can be reassembled in other

s systems.~

-Components are chosen to be suitable for a variety of
signal levels and not for a particular sensor. Thus,
components may be used for conditioning the signal from
a resistive, reluctive, piezoelectric, piezoresistive,

or other types of sensors. Selection of the signal con-
ditioning components has included consideration of future
application to computer programing and data analysis.
Some of the equipment. is specialized but components of
_'the_specialiZed'equipment'can”be.used in other systems.

‘Recorders are ‘selected accordlng to information requlred
from the study. Both analog and digital forms are avail-
able in dlrect-wrltlng, digital tape, .and FM magnetic E -

_____ The equipment has the capability of =~ I
convertlng from ana;og to dlgltal and digital to analOg R
ﬁlnuormatlon. _ :
_Because of rapld changes ‘of technology 1n +the elecrronlcs
field, purchased instruments do not usually contain the
latest developments. This means that careful selection.
~ of the instruments is necessgary to make them useful over ‘
an extended number of years and -prevent early. obsolesence.
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- DESCRIPTIONS OF

INSTRUMENTATION
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LABORATORY WATER SUPPLY

Water supplied to the north half of the Hydraulics Labora-
tory is controlled by the systems at the right of the
picture. Water is routed to the left or right from two 10
cfs pumps located behind and under the control panel. Cal-

ibrated mercury manometers at each end of the board are
used to indicate rates of Flow or the flow may be read and
indicated on the recorders near the top of the panel. The
panel contains lights and indicator needles to show condi-
tion cf operation of the control valves and venturi meters.
Meters 14 to 4 inches and 12 to 3 inches are located on left
and right of the panel. Equipment in the panel will even-
tually allow remote indication and control of laboratory
models.

2. frequency analyzer and direct-writing oscillegraph are
located near the model in the center of the picture.

PX~D-63951




PRESSURE CALIBRATION

Pressure transducers may be calibrated over a pressure
range of 0.3 to 500 psi. Assembled equipment (left to
right):

a, Pressure volume controller permits fine adjust-
ment of air or nitrogen source pressure.

b. Primary standard air-dead weight tester, piston
and weight components behind tester.

c. Secondary pressure standard (high-precision
bellows-type pressure transducer).

d. Instrument rack, for secondary pressure standard
bottom to top, voltage requlator, power supply, servo
amplifier and integrating digital d-c voltmeter.

Digital voltages representing pressures in psi, feet of
water, or other units may be read from the voltmeter. The
voltmeter may be used as the readout device for the pres-
sure transducers used in field and laboratory studlies.

PX-D-63952




FRESSURE TRANSDUCER CALIBRATION

A pressure transducer is being calibrated with primary
standard dead weight tester. The electrical analeog cutput
_of the transducer is converted to a digital reading. Equip-

ment (left to right):

a. Precision air-dead weight tester with piston and
weights (0.3 to 500 psi) to background.

b. Pressure Veolume Controller for fine adjustment of
air or nitrogen source pressure,

c. Transducer on table top cocnnecied between tester
and PVC,

d. Instrument rack (bottcm to top), drawver, voltage
regulator, d-c power supply not in use, 100,000 Hz
voltage to Erequency converter to change analog signal
from transducer to a freguency propeortional to input
voltage, and an e¢vents per unit time (E/put) meter used
to count the cycles received from the voltage to fre-
quency converter. Unit on top of the rack is a carrier-
amplifier to provide the signal conditioning voltage for
the transducer. The transducer and instrument rack after
calibration are used for pressure measurement.

PX-D-63953




PRESSURE MEASUREMENT

Servomanometer system being used to measure air pressure.
Equipment from left to right, precision bellows type trans-
ducer (+1.5, +5, +15, and +30 psi available in Hydraulics

Branch); digital tape, 11 column, 5 lines per second printer;
instrument rack (bottom to top); voltage regulator, servo-
power supply; servoamplifier; and digital voltmeter. Dis-
placement of bellows in the transducer is caused by applica-
tion of pressure. A voltage is applied by the servosystem
to inductive coils in the transducer. The force applied is
just sufficient to return the bellows to a null position.

The voltage required to apply the force represents the pres-
sure applied to the transducer. The digital voltmeter dis-~
plays the voltage and transfers the reading to the printer.

PX-D-63954
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PRESSURE MEASUREMENT AND RECORDING

Simultaneous measurement of the pressures along the inlet of
a pips was required to £ind the loss of head.

An eight-channe.. recorder using heated stylii for direct
writing made an analog record of the voltage from oressure
transducers. The pressurc transducers were energized by the
carrier-amplifiers of the recorder.

To increase the accuracy cof measuring the head loss, one
differential transducer was connected between the pressure
upstream of the inlet entrance and a piezometer ring down-
stream in the pipe. The transducer was supplied a 2,400 Hz
S5-volt signal by the carrier-amplifier on top of the center
instrument rack. The output of the amplifier was digitized
by the integrating digital voltmeter just below. A signal
frxom the voltmeter, representing the pressure difference,
was recorded on the tape printer to the right. The oscillator
on top of the printer was used to control the time of volt-
age integratioen.

PX-D-63955
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PRESSURE TRANSDUCER INSTRUMENTATION

The velocity head was measured as the differential pressure
between a total head tube attached te the point gage and a
piezometer head in the wall of the conduit.

The pressure transducer was thermally isclated in the wooden
box at the center of the instrumentation group. The trens-
ducer, a differential transformer type, had an operating
pressure range of +0.8 psi. A S5-volt, 2,400 Hz carrier-
amplifier powered the transducer from the direct-writing
recorder on the right. An analog chart of the varying
direct current output of the transducer was made by recorder.

The direct current from the transducer was made the input
to a digitizing system on the left. Voltages, representing
the differential pressure across the transducer, were fed
as an input to a2 (a) voltage-to-freque.cv converter.

The converter has a linear 100,000 Hz output for the full

range of 4 input secales 0.l1-, 1.0-, 10-, or l00-volt input.

The frequency or pulse output of the canverter, proportional

to a fraction of the 100,000 Hz, was registered on an

{b) event per unit time (E/put) meter and then recorded
manually or on a digital tape printer (not shown in photograph].

PX-D~63956
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FREQUENCY RESFONSE OF TRANSDUCER FPRESSURE LEADS

Amplification or attenuation of pressures can be caused by
the system used for the measurement. 2 shock tube, a device
for applying a pressure pulse to a transducer system, is used
to help measure the response of a pressure transducer and
rressure lead. The hands of the man near the wall are on the
shock tube partially filled with water. The pressure lead
exits to the right near the bottom of the tube. The trans-
ducer is heldéd in the vice on the table top at the end of the
transducer lead. The transducer electrical output is con-
nected to {left to right} a direct writing oscillograph and
an oscilloscope equipped with Polaroid camera. The shutter
release trips a relay on the shock tube to apply a pressure
to the transducer, the camera photographs the trace on the
oscillograph, and the recorder provides a separate trace of
the electrical signal from the pressure transducer. Com-
putations from data taken from trace establish the freguency
and pressure response of the transducer and lead.

PX-D-63957
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ANALOG TO DIGITAL CONVERSICN

An analysis was required of the data from a photographic
record of the change of electrical output of a pressure
transducer. A computer requiring digital input was used
for the analysis. Digital data from the photograph was
cbtained from a Linear Variable Differential Transformer
and digital voltmeter. On the table near the center the
LVDT is clamped under the two plastic blocks near the back
of the plyboard support. The core of the transformer is
attached to a pointer over the photographic record near the
right end of the plyboard. The record is manually followed
with the pointer and voltages from the LVDT are measured by
the digital veoltmeter to the right. Thus the analog form
of the record was converted to a digital representation.
The instrument in the foreground of the picture supplies
the signal conditioning veoltages for the LVDT.

PX-D-63958
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ANALYSIS OF RANDOM VOLTAGE SIGNALS

Analysis of the mixture of wvoltage amplitudes and freguencies
from model and prototype studies can be useful in structural
design. Two methods of analysis can be uszed: (1) The data
can be digitized and processed by computer, or (2) the data
can be converted by an analog device. The analog converter,
or Frequency Analyzer, spectrum and spectral density com-
ponents, are shown in the photographs at the center and left.

Fluctuating pressures from a model were converted to voltages
by pressure transducers. The transducer signals were ampli-
fied by the circuits of a direct-writing oscillegraph. The
signal could be recorded and simultaneously fed, a single
channel at a time, to the spectrum analyzer and a spectral
density analyzer. The analyzer relates the amplitude and
frequency over a range of about 1/2 to 2,500 Hz. The spectral
density analyzer relates the average ox peak value of the
voltage (pressure rerresentation) to a given frequency, or

the integral of the voltage or power aver a selected freguency
interval.

‘The analyzer uses a heterodyne principle to produce the
spectrum of the frequencies present in the transducer signal.
A frequency band may be selected for analysis by setting plus
and minus limits on a selected center freguency. A 500-,
100-, or 20-Hz linear segment may be centered between 0 and
2,250 Hz. A 50~, 10-, or 2-Hz linear segment may be centered
between 0 and 225 Hz.

PX-D-63959
PX-D-63028




CONDUCTIVITY MEASUREMENT (SYSTEM 1)

A two electrode probe was used with the instruments shown
to measure conductivity of the flowing water containing a
low concentration of sodium chloride.

The conductivity probe is supplied with 5 volts at 2,400 Hz
by the carrier amplifier of a direct-writing recorder (right}.
The analog voltage from the probe, representing the change

of conductivity, is recorded and simultaneously fed to a
voltage to frequency converter {[center of instrument cart).
The converter has a linear 100,000 Hz output for full range
of 4 input scales, 0.1-, 1.0-, 10-, or 100-volt input. The
frequency or pulse output of the converter, proportional

to a fraction ef the 100,000 Hz,., was registered for a selected
time on an event per unit time {E/put) meter {(top of instru-
ment cart) and then recorded on a digital tape printer in

the background.

The system was calibrated for about 0 to 80 ppm of dissolved
sodium chloride.

PX-D-63960
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CONDUCTIVITY MEASUREMENT {SYSTEM 2)

A two electrode probe was used with the instruments shown
to measure the conductivity of a low concentraticn of sodium

chloride in water flowing in a pipe.

The probe was supplied with a 5-volt, 2,400 Hz signal from

the carrier-amplifier (a). The ocutput of the amplifier (the
voltage representing the change of conductivity) is recorded

in analog form on the high impedance veoltmeter (b) or is fed

to an integrating digital voltmeter (c). An oscillater (d) was
adjusted to time the input of the digital voltmeter for
selected periods. The integrated voltage or digital count

is displayed by the voltmeter and transferred by the volt-
meter to a digital printer (e). The two instruments in the
lower part of the right-hand rack were not ih use.

The system was calibrated for solutions containing about
0 to 80 ppm of sodium chloride.

PX-D-63961



SURGE WAVE MEASUREMENT

Wave heights were measured for surges caused by the rapid
rejection of flow from simulated pumping plant in a
trapezoidal canal.

Six capacitance-type wave probes (one shown here on right
side of support) were made from plasticized enamel-coated
wire. The wires were about 6 inches long and mounted in a
U-shaped frame made of 1/4-inch stainless steel rod. The
frame is attached to a point gage support for calibration
of the probe and for wave measurement. Each wave probe
can be connected to one channel of a six-channel direct-
writing recorder.

The sensors are calibrated by moving them vertically an
accurately measured distance in still water while charts
of the voltage change are made on the recorder.

PX-D-58504
PX-D-63962




WAVE HEIGHT AND FREQUENCY

Effectiveness of the energy dissipation by a vertical
stilling well was indicated by the height of residual waves
in the discharge channel.

The instrumentation included two capacitance-type wave probes
with sensors of plasticized enamel-coated copper wire. Each
wire was about 6-1/4 inches long, mounted in a U-shaped frame
made of l1/4~inch stainless steel rod. The frame is held in

a point gage support (near center and at left side of photo-
graph) . Each wave probe was connected to one channel of a
dual channel, direct-writing recorder.

The sensors are calibrated by moving them an accurately
measured distance in still water while charting the change
of voltage on the recorder. The probes have a near linear
relationship of immersion depth versus voltage when the
water remains near the center 2 inches of the wire sensor.

PX-D-63963
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CONSTANT TEMPERATURE ANEMOMETER SYSTEM

The anemometer modules and power supply (top instrument to
left) used in a draft tube surge study can measure velocity,
mass flow, turbulence and correlations, pressure, temperature,
and other fluid flew changes. Associated in the study were

a retentive oscilloscope and a direct-writing oscillograph.
All instruments were portable. The recorder was used with a
pressure transducer to measure pressure fluctuations. The
oscilloscope could be used to observe the output of the
anemometer before recording.

The constant temperature anemometer includes a hot-wire or
hot-film sensor lccated in the fluid. This sensor is con-
nected as part of a resistive bridge in the anemometer
module. Because the bridge cutput is nonlinear, a linearizer
circuit has been added to the anemometer. The system will
accept the input from 4 sensors but only 3 anemometers have
been acquired in the system shown. The anemometers are wide-
band low-noise amplifiers having a linearized frequency response
up to 200 KHz. A 400 KHz frequency response can be obtained
for the basic (nonlinear) anemometer. The instrument may be
used with a single sensor or multisensor probes in X,
parallel, or 3 mutually perpendicular configurations. The
system is designed primarily for use in air but can be easily
converted for use in water.

PX-D-63964




FLOW TRACING AND MEASUREMENT

Fluorescent dyes can be used for discharge measurementwu,
flow distribution, water quality, and stratified flow
studies. The fluorometer at the center of the instrumenta-
tion group measures tracers such as fluorescein, rhodamine,
and pontacyl dyes in the micromilliliter (ppm) or in the
nanomilliliter (ppb) ranges. The fluoxometer is basically
an optical bridge analogous to a wheatstone bridge. The
optical bridge measures the difference between light emitted
by a sample and that from a calibrated light path. Either
discrete samples or continuous flow samples of the tracered
£luid may be measured by the fluorometer. In the illustra-
tion, a continuous dye sample was being pumped through the
fluorometer and recorded on a strip chart voltmeter. The
fluorometer has a direct reading dial graduated from 0-100
parts that may be used for monitoring the sample or for
manual recording of the data. The output voltage of the
fluorcometer may alsc be digitized by a voltmeter, printed
on tape, or punched on tape.

PX~D~-63965
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TEMPERATURE MEASUREMENT
(Quartz Crystal)

Precise measurement of temperature is necessary when dif-
ferences in water density are used to study stratified flow.

The digital thermometer on the left of the table (Photo-
graph 1) uses the sensitivity of the resonant frequency of

a quartz crystal to temperature change. The thermometer is
equipped with two sensing probes (a, b) for measuring temp-
erature at either probe or the difference between the two
(near top and bottom of tank). A 6-digit visual readout and
recording output has push-button-controlled sample times to
provide reseolutions of 0.01, 0.001, or 0.0001° C. The in-
strument shown has a temperature range of measurement between
-B0° to +250° C.

Output from the thermometer may be read from the digital
display or recorded from the output of a digital to analog
converter. The converter and an X-Y plotter are the center
and right instruments on the table. The D/A converter will
handle a single temperature measurement or the difference
measured between the two probes. A real or scaled time can
be applied to the X-Y plotter to graph the change of temper-
ature.

The second photograph shows the system in use with a high-
impedance recording voltmeter.

(1) PX-D-63967
(2) PX-D-63966
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TEMPERATURE MEASUREMENT
(Thermistors)

Multiple-point temperature measurement for density stratified
flow studies uses a system of matched thermistors. The
thermometer range of 0° to 20°¢ ¢ is directly read to four
significant digits (instrument to left). The last significant
digit is graduated with scale divisions for increased read-
ing resclution, e.g., 15.14(2). The instrument accuracy is
+0.05° C and the calibration can be confirmed or corrected

by front panel controls. Calibrations are performed with

the quartz thermometer (right side of the table}. A4 10-
point master and 20~point auxiliary scanner are used with

the thermometer (center). BAll temperature sensors are

scanned unless they are selectively omitted by individual
switches. BAs each peint is activated, matching logic is

made available in 1248 BCD form. The temperature is displayed
on the thermometer or may be recorded on the tape of a
digital printer (beneath clock). The printer has available
sensor identifjcation, temperature printout, and can be

given external {manual or programed) print commands.

PX~D-63968
PX~D~-63969




VELOCITY DISTRIBUTION MEASUREMENTS

Velocities of waterflow in a trapezoidal channel are being
measured with a miniature propeller meter,

The i-cm-diameter 5 blade propeller made of plastic is sus-
pended in jewel bearings on a stainless steel support. A
gold electrode in the same support is mounted close to the
passing tip of the propeller blades. A resistance change
caused by the short water path between the electrode and
tip produces a voltage pulse in a counting unit.

The c¢ounting unit, placed on the table to the left, in
normal operation counts the voltage changes for a period

of time. AR internal circuit counts for a l0-second period
and then displays the number on a "glow tube” dekatraon
counter of 999 counts capacity. The dekatron counter may
also be timed manually using a stopwatch. The range of the
instrument is 0.9 in./sec to 2 ft/sec (up to 5 ft/sec may
be measured by counting each 1/1,000 pulse).

To increase the speed of reading and recording the counts
frem the propeller, a counter-timer (Systron Donner) was
substituted for the dekatron "glow tube" display. The
input to the "glow tube" counter was transferred to the
counter-timer and is displayed on a 6-digit-in-line indi-
cator panel. The counter also transfers the counts to a
tape printer on the right end of the table.

The counter-timer may be employed with suitzble input
transducers and plug-ins for measuring frequency, relay

and switch timing, viscosity, elasticity, tachometry,
telemetry, pulse height and width, flow, strain, force,
pressure, and radiation. The Hydraulics Branch counter

can be converted into an integrating digital voltmeter,
peak voltage meter, and interval timer. Plug-ins are
available for other functions. The printer can be asso-
ciated with a number of systems and can provide 9 columns
of a maximum of 18 at a maximum rate of 20 lines per second.

PX-D~63970
PX-D-63871




BOUNDARY SHEAR MEASUREMENTS

Boundary shear measurements are made on field canal

boundaries using a Preston shear tube (a type of pitot tube)
constructed in the laboratery for field canal depths. A pres-
sure transducer is used to convert the pressure differential
to electrical signals recorded by a direct-writing oscillo-
graph. The Preston tube is held by the man in the stream,

the transducer is placed in the bex (photograph center) for
temperature control, and the recorder is located in the sta-
tion wagon. A water manometer calibration device stands behind
the pressure transducer box. The recorder values of pressure
are converted to shear values by use of a calibration curve.
In the field a gasoline electric generatcr with a voltage
regulator is used to supply power to operate the recorder.

PX-D-55303
39 PX-D-48774




MAGNETIC TAPE AND DIRECT-WRITING PRESSURE RECORDING

Arrangement of instruments for pressure distribution measure-
ments in the outlet works stilling basin - Yellowtail Dam,
Montana. Both magnetic tape and direct-writing records were
made of the output of seven pressure transducers and two ac-
celerometers. The signal conditioning for the pressure trans-
ducers was supplied at 2,400 Hz by the preamplifiers at the
upper right. The transducer ocutput was recorded on the 8-
channel, direct-writing recorder (Sanborn} lower right, and
on the fregquency modulated magnetic tape (left). The record/
reproduce amplifierg for 7 channels of the l4-channel capacity
of the recorder are on top of the recorder. The tape recorder
has speeds of 1-7,/8, 3-3/4, 7-1/2, 15, 30, and 60 inches per
second. The bandwidth of freguency is from d-c to 10 XEz.
Both the direct-writing and magnetic tape recorders and pre-
amplifiers are portable for field use or can he rack-mounted
for the lakoratory. A 2-channel direct-writing recorder
(Sanborn center) was used to condition and record the output
from accelercmeters. An Electronic 19, (Honeywell) high-
impedance recording voltmeter (beside tape recorder) was

used to monitor voltages in the systenm.

PX-D-60409




FREQUENCY ANALYSIS FROM TAPE LOOP

Recordings of pressure, vibration, acceleraticn, etc., on
magnetic tape may be analyzed from a tape loop. The loop,
between 6 and 30 feet in length, is cut from the recorded
tape. The extracted section is looped on rollers attached
to a2 plate fastened to the recorder (right of photograph}.
The tape is extended to the recorder and passes over the
record and playback heads. A desired channel of informa-
tion is selected and the output from a reproduce amplifier
becomes the input to the frequency analyzer. The loop may
bhe used through the reproduce amplifiers for oscilloscope
viewing, or recording of single or multiple channels.
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PIPELINE PRESSURE MEASUREMENTS

Pressure megsurements were required in the pipeline and in
the bonnet of the turnout valve to determine the size of the
pressure fluctuations occurring in the pipeline.

A two-channel direct-writing oscillograph was used to record
the output of two 5 psid pressure transducers. One of the
transducers was mounted in a pitot tube inserted into the
downstream end of the pipe entering the left side of the pipe
stand. The second transducer was attached by a l0-foot pres-
sure lead to the bonnet of the valve in a pit near the base
of the stand. Records were made of the pressure fluctuation
in the pipe as the valve was cpened and closed to deliver
water through the structure supporting the recorder.
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TURBULENCE IN ENERGY DISSIPATION

In studies of energy dissipation, a statistical relationship
was desired to describe the mean and fluctuating components
of pressure on the flcor of a stilling basin. Piezometers
in the floor of the basin were connected to prassure trans-—
ducers. An analog recording of the pressures was made on a
direct-writing, eight-channel recorder for freguency and
amplitude. Two instrument systems producing digital infor-
mation were used to provide the statistical analysis.

The signal from a transducer-amplifier (recorder behind the
engineer) was selected for both the input to a voltage aver-
aging system and the input to a system extracting the root-
mean-square of the fluctuating component of the signal.
Thus, the relationship between the static depth and the
pressuxze fluctuation occurring on the floor was obtained
from the basin.

The averaging system contained an integrating digital volt~
meter (center rack, upper instrument}. The total signal to
the voltmeter was integrated for a time (200 seconds) con-
trolled by the oscillator on top of the digital tape printer
{cart to right of printer). The cutput of the voltmeter was
then transferred to the printer. The average pressure level
was then manually calculated from the integrated (volt-
seconds) divided by the time of the integration.

The dynamic part of the signal was analyzed with the instru-
ments on the table, a filter to the right, a root-mean-square
voltmeter on top of the filter, and a second integrating
digital voltmeter to the left. The signal from the trans-
ducer amplifier passed through the filter to the rms meter,
The meter extracted the rms value of the fluctuating part of
the total signal. The rms value was integrated for 200 sec~
onds and then displayed on the voltmeter for manual recording.
The filter was used to exclude a small amplitude signal pro-
Auced by the 2,400-hz carrier-frequency of the transducer-
amplifiex.
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CONVERSION FACTORS--BRITISH TO METRIC UNTI‘S OF MEASUREMENT

The fall cnversion factors adopted by the Bureau of Reclamation are those hed by the Amerlean Soclety for
Testing and rials (ASTM Metric Practice Guide, January 1084) except that cnal faoters (*) commonly used in
_the Buresu have been added. Further discmssion of definitions of quantities and unlts 1s glven on pages 10-11 of the
ASTM Metric Prectice Gulde.

“The metric unlts and converslon factors adup‘ted by the ASTM are based on the "Internaticnal System of Un'lts" (deslﬂ:ated -
Sl for Systeme Internaticnal d'Unites), fized by t.he Internations]l Committee for Welghts and Measures; this system

also known as the Glorgt or MESA (meter-Klogram (mass)-second-ampere) system. This system bas been adopt.ed by the
International Organimuan for Standardization in SO Recommendation R-31, o

« .The metr:lc techn.ical unit of force iz the idl%am-force; this is the force wiﬂch, when applied to B body hﬂ.vlng a :

- -mass of 1 kg, gives it an acceleraticon of §. 80868 m/sec/sec, the standard acceleration of free fall toward the earth's
center: for sea level at 45 deg latitude. The metric unit of force in SI umts 1= the newton {N), which i3 defined as :
-7t thrt force which, when applied to a body having 2 mass of 1 ky, gives it an acceleration of 1 m/sec/sec. These units

" moust bz d.‘lstinguished from the (nconstant) local welght of & body having a mass of 1 kg; that iz, the welght of &
bor.!yls that force with which a body is attracted to the earth and is equal to the mass of a body mumpuedbyth.e
acceleration due to gravity, However, becmuse it is genersl practice to use "pound” rather than the technleally
correct term "poungfflurce,“ the term "kil " {or derived mass unit) hes been used in this guide Jnstead of "klegram-
force™in expressing the conversion factors for forces. The newton unit of force will flnd increasing use, and 1s
essential in 51 units. o

Table I
QUANTITIES AND UNTI‘S. OF EPACE
Multiply By : To obtain
' LENGTH '
MI . . e 25.4 (exactly). . ... . . . . Micron
Inched + v v vivovnn o0 o s 25.4 (exaetly), . . . . ... Millimeters
e e e v ae am e e : 2. b4 {exactly)*. + + » » Centlmeters
Feet . .. ... .. .. ... . 30.4Bfexmctly) . ¢ . . . . . CenHmeters
Pne nr e e e e Tete 0, 3048 (exactly)*. . . . . . Meters
e e e e e e e 0. 0003048 (exa.ctly)* v+ - Klometers
Yards . ... ... P, - 0.9144 (exacﬂ) + « « « Meters
Miles (statute). . . ... . . . 1, 609. 344 fexnctly)* . ... . .. Meters
.......... N 608344 (sxac tl}r) . . . . . Kllameters

_AREA
Square incheg , . . 8. 4516 (mcﬂy) . Square centlmeters
- Squere feet . - B28.08 ! Square ccntlmeters
: : . ' Bquare meters
Square meters
Hectares
. Square meters
"+ Square kllometers
. Square kliometers

i el z . .« » Cublc centimeters
- Cuble Ieet. PR . : . e eee e " Cuble meters - .
L.l .+ .. Cublc meters .

Fluid ouncea (U.S Yo wia ) . . Cuble centimeters
T . : : .. - Milliliters |
. Liqu.id pints (v, S } . . -+ Cuble decimeters
. . v . Llters
Cubic cenumeters )
~Liters
Cubic ::ent‘l.meters
- Cuble declmeters
FOiters.: =i
"Cubic metars R
< Cuble dectmsters

Cubic metera o
“Liters - :
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o E T L _f'.i ABSTRACT

A collectl.on oE phntogrnphn and desr.ript:l.ve capt:l.ons indicates soue pol-
. #:-6ible combirations -of 1nl|:nmnntn used by the Hydraulies Branch of the 3
.. =% Buresw of Recliwation, .. The:described instrument combinations-are pot T
'a:hmtive, but lhw the capabilit:les of iluttunenk- purchaled on A md-— PRENT :_er.'hnusti.vc, tut show the c:pnbilitieu of inetnmenl:a purchased on a IOd- R .

t.budget. Ont motive: for selectiug thil equipnent vas tha inter= . ° .. - est budget, One motive for seldctfag:thié equipment was the igter~ ~ g

A r.ollactiou of photoguphs and descrl.pt:lve taptions tedicates some - po:'
lible conhimtionu of 1ns|:rmlenl:s uaed by the Hydraulics Bunch of the

bility of co-ponentu. An_instrumentatfon system assesbled for.a . °~  ° .~ changesbility of compoments,. An’instrumentation system. asvombled for & JUR
plrl::lcuh -ntudy may be :ussmbled into other uysteu fcr d!.ffeunt ine ' . " particular study ‘nay be Teassenbled iiio other syatems for d:l.fhrant ine ‘
_'ustl.ssthns ___'!!\e equipuﬂt 1m:1nden -euutuent nd :e:ordhg ryntm e yestigationm, The equﬂpunt 1n¢1udg. .,,“m_-a_ng ard recording .,.t._ R

-for pressura, electric. condactivity. t-npcutui:e. ‘valoddty dietribution, AN
flow tracing, I:oundlry sheazr, surge vaves, wl\re heignt, and an.llog to
L-digitl.‘l. ccnve:sion. S .

- ABSTRACT oy .-

A collection nf photognphu a.nd deucriptive clptionn indicates some pos-
ll_.ble combinations: of 1natrmnt:s used by the Hydraulics Brunch cf the - . " . mible cowbivations of fustvuments used by the Hydrsulice:Branch of the . S
3,“!&\: of Reclml::lon. The, ducribed instryment combinations . nre mot Lo ‘Bureau’of Reclemation, The described instrument combinaticns are not O
but- nhe-r the. cnpabilitiel of Instruments purchaaed on a- md- A exhaustive, but ghow the- capabilities of instruments purchased on a mod-
. One mt:lvc for selecting this equip-ent was the inter- . . .. . .cst budget. One motive for selacting thh equipnent wes the inter- )
An instrimentation’ syltln asgeabled fu: 4R + changesbility of-components. An instrumentation syatem assembled for a
study my be reaasepbled into ‘other systews for diffe t in- ‘ particular ‘study may be reassenbled iato other systema for ditferent in~ *
estiga}tiona. 'rhe eqnipnenr. 1m:1udea nuau:enenr. and recording n;ut.:m Co -"aatiglt:l.ons. -7he equipment includes mnu:aunt and tecording sylte‘l
] d " for pressure, electric conductivity, Vtenpanture. velocity distribution,
flow tracing, boundary ahear. surge waws, wave height, and analog to
di.gi.tll couveraio'n.
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 Lab ep Hyd-592; Hydraul Br; May 1969. Bur>
& fig, 28 photo .
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